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Abstract:Atmospheric delay , including ionospheric delay and tropospheric delay , is one of the main er ror sources in
the long distance kinema tic positioning.Many autho rs have made great researches on this problem.Atmospheric de-
lay can be modeled by a simulated model , such as Hopfield' s model and Saastamoinen' s model.Neutral atmosphere
delay has badly affected precise positioning.Virtual reference station technology is an effective me thod to reduce the
impact of atmospheric error on precise positio ning.The location of VRS(usually using the navigation po sition)can
be arbitr arily selected by user.Existing RTK processing softw are can be applied to long distance RTK if using VRS
technology.The key problem in VRS is to model atmospheric delay precisely.For modeling the ionospheric delay ,
many authors have done great works based on double frequency observ ables on multi-reference stations[ 1 , 2] .Because
of the complexity o f tropospheric error , the accuracy of existing tropospheric delay models can not meet the require-
ment of precise positioning.
After investigating the relationship be tw een tropospheric delays and the elevations of reference stations , this pa-
per presented seven troposphere-fitting models with height factors , and then analyzed the accuracies of proposed fit-
ting models by two experiments.Research results show that the proposed models have be tter fitting accuracy than
traditional method acco rding to the da ta from part of SCIGN netw ork.The best fitting model is determined by
check points.The fitting accuracy depends on the number of know n points and their distribution as well as the size
of a netw ork.
Based on the test on part of SCIGN ne tw ork with an area of 60 km ×60 km , the height of w hich is from
-20 m to 700 m , polynomial fitting model with 4 parameters including one height parameter has the best fitting
accuracy(±7.6 mm)if using 5 know n points.For an area of 500 km ×300 km , polynomial fitting model with 5
parameter including one height parameter is the best one if using 6 points , the accuracy of which is about ±1.8 cm.
For real time application , an ex trapolating method was proposed by this paper.Initial test show ed that the ex-
trapo lating accuracy is about ±9.0 mm.Fur ther experiments need to be done in order to test the accuracy of pro-
po sed models in different networks with bigger average height difference than the test network from SCIGN.
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?　?:大气折射误差和轨道误差是制约长距离 RTK 精度的主要因素。虚拟参考站技术利用多个基准站的观
测数据来建立大气延迟误差和轨道误差模型 ,以削弱这些误差的影响。在分析测站高程对对流层延迟建模精
度影响的基础上 ,提出 7 种含高程影响因子的对流层误差建模模型 ,并通过两个实例 , 分析比较这几种对流层
建模模型的精度和适用条件。最后 ,分析和讨论建议模型用于实时动态定位的精度 ,得出一些有益的结论。
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???:GPS;虚拟参考站;对流层误差;长距离 RTK
1　前　言
??????????????????
(RTK)??????? 。???????(Vir-
tual Reference Station ,VRS), ????????
????????????????[ 1 ,2] 。??
?? GPS??????????? ,?????
????? ,???????????????
???? ,????????????? ,???
?????????????[ 3] (? Hopfild ?
?? Saanstamoinen??????),?????
????????????????? 。
???????????????????
????????? ,???????????
???。?????????????????
?????:
λφ=ρ+c(δt r-δts)-d I+d T +λΝ+δm +δe
(1)
?? , φ???????? , ρ????????
???? ,???????????????? ,
δts ????? ,???????????? , δt r
?????? , dI ?????? ,??????
?????????? , d T ?????? ,??
?????????????????????
? ,????????????? , N ????
???? ,????? , δm ?????????
?? ,????????????? , δe ???
??????????? ,?????????
???? 。????????????????
?????。?? ,?? VRS?? ,?? RTK?
???? RTK ?????????? RTK ?
? ,?? VRS????? 。
???????????????????
????? ,????????????? 。?
???????????????????? ,
??? 7???????????????? ,
??????????????? ,?????
??????。??????????????
??????????? 。
2　基于多基站 GPS观测量的区域对流层
误差建模方法
2.1　??????????????????
??????? SCIGN(South California
Integ rated GPS Net )???? ,? 28???? ,
????? 60 km ×60 km ,?????? 1 ,?
??“ ＊”??????。??????????
2002? doy(???)=350 ,???????? ,
????????? 2。????? 5????
???????(WMAP , PSDM , SACY , VTIS ,
UCLP ????),??????。
GAM IT ???????????? GPS?
????? , ?????????????
±1 cm ,?????? GAM IT ???????
?? 。??????????????? 25?
(? 1??????????)。GAMIT ???
?????????? ,??????????
? ,???????????????????
????????。
? 1　??????
F ig.1　Distribution fo r reference stations
2.2　?????????????????
??? 2002?? 350? 0? 0?????
????????????? 2 。?? 2???
??????????????? ,?????
????????? ,???????????
??? ,?????????????????
??????????????。??????
?? 、???????????? ,?? 7???
????????????? , ????? 1。
? 1? x , y ?h????WGS84??????
??????? ,?????????????
????????? 。
119? 2 ?　　　　　　　　　　　????:???????????????????
? 2　?????????
Fig.2　Distributions of elevation and tropospheric delays
? 1　??? 7??????????
Tab.1　Purposed models for tropospheric delay
?? ???? ?? ???????
1 ? 1?????????
?????(H1QM 3)
d T =a 0+a 1 x +a 2y+a 3h (2)
h ?????
???????????????????
???????????。
2 ? 1?????????
?????(H1QM 4)
d T =a 0+a 1 x +a 2y+a 3 xy +a 4h (3) ??(2)?? ,??????????? x
??? y ?????????
3 ? 1?????????
? ? ? ? ? ? ?
(H1QM6)
d T =a 0+a 1 x +a 2y+a 3 xy +a 4 x2+
a 5y
2+a 6h (4)
????????? ,??????????
?????? ,????????????
?,????????????(?? 7?)。
4 ???????????
??????(H1QX1)
d T =a 0+a 1h (5) ???????????????? , ??
??????????? , ???????
???????, ??????????(2
???)。
5 ???????????
??????(H1QX2)
d T =a 0+a 1h+a2 h 2 (6) ???(5)?? ,????????????
????????。
6 ? 2?????????
???(H2QM 3)
d T =a 0+a 1 x +a 2y+a 3 xh+a4 yh (7) ?????????????????? ,
?????????? x 、y ??????
??????。
7 ? 3?????????
???(H3QM 3)
d T =a 0+a 1 x +a 2y+a 3 xh+a4 yh+a5 h
(8)
???????????????????
??? x ??? y ?????????。
　　?????? ,?????????? 、?
???? ,????????? ,???????
??????????? 。
3　实测数据分析
??????????????? ,???
?????????????????????
?????? 3。?????????????
??????????? ,?????????
????? 2。? 2????????????
?????????? 。?? 2?? ,????
?? , ???????? 3 ???????
(H1QM3)???(±0.007 6 m)???????
?。??? 2???????????????
?(±0.038 8 m)。????????????
??(H1QX1)??????±0.008 9 ,????
???????? 3?????????? 。?
H1QX1????????????(2?),??
20 ～ 30 km ?????????? 。
?? , ????????????(?
120 ?　?　?　?　　　　　　　　　　　　　　　　　　? 35 ?
500 km×300 km ,??????????)??
??? ,???? ,????????? 。???
??????????? 4?????????
?????(±0.018 m)。
? 3　????????????????
Fig.3　Error plot fo r proposed methods
? 2　? 23 ??????????????????
Tab.2　RMS computed by 23 check points / m
　　??
?? H1QM3 H1QM4 H1QX1 H2QX2 H2QM3
0 0.005 6 0.008 6 0.010 1 0.018 9 0.008 3
2 0.006 4 0.016 1 0.006 9 0.027 8 0.013 7
4 0.008 2 0.010 7 0.008 3 0.060 8 0.01
6 0.005 6 0.009 6 0.006 3 0.004 5 0.007 9
8 0.006 4 0.006 1 0.006 9 0.009 5 0.006 4
10 0.005 5 0.010 7 0.005 3 0.007 5 0.009 2
12 0.005 6 0.013 3 0.004 8 0.003 5 0.011 1
14 0.005 7 0.010 5 0.005 7 0.014 5 0.008 9
16 0.004 8 0.004 8 0.006 9 0.030 5 0.004 2
18 0.008 0.014 3 0.011 0.030 6 0.012 5
20 0.011 4 0.022 1 0.012 6 0.131 2 0.017 7
22 0.012 0.016 4 0.012 3 0.114 7 0.011 8
24 0.013 0.018 3 0.018 4 0.050 2 0.016 4
????? 0.007 6 0.012 4 0.008 9 0.038 8 0.010 6
4　对流层误差实时建模精度分析
????????????????? ,?
?????????? ,??????????
?????????? ,??????????
????????????????? ,???
????? ,?????? 。? H1QM3???
?(????????),??????????
???????????:
dT =(a0+﹒a0Δt)+(a1+﹒a1Δt)x +
(a2+﹒a2)y +(a3+﹒a3)h (9)
?? ﹒a0 , ﹒a 1 , ﹒a2 ??????????? , Δt ?
???????。
?????????????????? ,
???? CCCO ? ,???????(9)???
??????(2002? 350 ?),?? GAM IT ?
???? ,???????????。? 4??
?? CCCO?????????? GAM IT ??
?????。????????????? ,?
???????????±9 mm 。?????
?????????????? ,??????
???????。
? 4　CCCO?????????? GAMIT ?????
F ig.4　T ropospheric delay using GAMIT and proposed method at CCCO
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121? 2 ?　　　　　　　　　　　????:???????????????????
? 、???????????? 7×7 , 13×13 ,25
×25)?????????????。
4　结　论
???? InSAR??????????? ,
?????????????????????
???????????????????? ,
???? ,??? A Trous?????????
?????????????? 、??????
? ,????????????? ,??????
InSAR?????????。
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7　结　论
?????? ,????????????
???:
1.???????????????? ,?
???????????????? 、????
?????????????;???????
??????????? ,????????? ,
????????????????;
2.?60 km×60 km ??????? ,?? 5
???? ,????????? 3???????
(H1QM3)?????????(±0.76 cm);??
???(?? 30 km ×30 km),????????
????????(H1QX1)?????????
?? ,???????。
3.???? ,???????????? ,
??? VRS ?????????????。
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